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(54) GPS positioning method and GPS reception apparatus 



(57) A GPS positioning method Is disclosed wlilch 
can shorten the time required until positioning arithme- 
tic operation is started after power is made available. An 
oscillation frequency of a reference frequency oscillator 
used in a GPS receiver section or a frequency variation 
of the oscillation frequency Is measured using high pre- 
cision frequency information provided by a standard 
wave. A result of the measurement is utilized to catch a 
signal from a GPS satellite. Further, a synchronization 
timing of a spread code of the spread spectrum signal 
from the satellite is detected to detect a email time com- 



ponent for time synchronization. After synchronization 
of the spread code Is completed, a time of the boundary 
of one period of the spread code is detected from time 
Infomnation provided by a standard wave, and a time 
component greater than the small time component for 
time synchronization is detected based on the time of 
the boundary. Time synchronism Is established using 
the detected small time component and the time com- 
ponent greater than the small time component 
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. Description 
BACKGROUND OF THE INVENTION 

5 [0001] This Invention relates to a GPS (Global Positioning System) positioning metliod and a GPS reception appa^ 
ratus to which the method Is applied. 

[0002] In a GPS system wiiereln a plurality of artificial satellites called GPS satellites are utilized to measure the 
position of a moving body, a spread spectrum modulation system is used as a modulation system for signal waves from 
the artlflclai satellites. For example, In a consumer GPS receiver, spread spectrum signal weaves called C/A codes 
70 (Course Acquisition Codes) from GPS satellites (Navistar's) are received to perform positioning arithmetic operation. 
[0003] The C/A code Is formed from a code of a PN (Pseudo random Noise) series whose transmission signal rate 
Is 1.023 MHz, for example, a Gold code. The code of the PN series repetitively appears with one period thereof pro- 
vided by 1,023 chips (accordingly, one period 1 millisecond) as seen from FIG. 13A. 

[0004] The code of the PN series of the C/A code is different among different satellites, but It can be detected by a 
IS GPS receiver in advance by which sateliitB a code of any given PN series is used. Further, such a navigation message 
as hereinafter described allows a GPS receiver to discriminate a signal from which satellite the GPS receiver can 
receive at the spot and at the point of time, /^ordlngly, if it Is tried to perform, for example, three-dimensional position- 
ing using a GPS receiver, then the GPS receiver receives radio waves from four or more satellites which can be caught 
at the spot and at the point of time and perfomfis spectrum despreadlng of the radio waves and positioning arithmetic 
20 operation to detemnlne the position of the GPS receiver Itself. 

[0005] fi£ seen In FIG. 13B, one bit of satellite signal data is transmitted as codes of a PN series for 20 periods, that 
is, In a unit of 20 milliseconds. In other words, the data transmission rate Is 50 bps. When the bit Is "r, 1 ,023 chips of 
codes of a PN series for one period have Inverse values to those when the bit Is "0". 

[0006] PiB seen from FIG. 13C, in the GPS system, one word is fomied from 30 bits (600 milliseconds). Then, one 
S5 subframe (6 seconds) is fonned from 1 0 words as seen from FIG. 1 3D. As seen from FIG. 1 3E, a preamble which nor- 
mally has a prescribed bit pattern even when data are updated is Inserted in the top word of one subframe, and data 
are transmitted following the preamble. 

[O0O7] Further, one frame (30 seconds) Is fomied from 5 subframes. A navigation message is transmitted in a data 
unit of one frame. The first 3 subframes of data of one frame include information unique to each satellite called 
so ephemeris infomiation. The Infomnation Includes parameters to be used for determination of a trajectory of the satellite 
and a signaled time of the signal from the satellite. 

[0008] In particular, the second words of the three subframes of the ephemeris information include Infomnation of a 
time from a week called TOW fTlme of Week). Accordingly, the TOW of each subframe is Information updated at inter- 
vals of 6 seconds. 

35 [0009] /Ml of the GPS satellites include an atomic clock and use common time information, and a signal is signaled • 
from each satellite in a unit of one second of the atomic clock. Further, codes of a PN series of each satellite are pro- 
duced in synchronism with the atomic clock, 

[O01O] The trajectory infonnatlon of the ephemeris information is updated after each several hours, and the Infor- . 
matlon remains fixed until it is updated. However, if the trajectory Information of the ephemeris Infomriatlon is stored in 

40 a memory of a GPS receiver, then the same information can be used with a high degree of accuracy tor several hours. . 
it is to be noted that the signaled time of a signal from each satellite is updated after each one second • 
[0011] The navigation message of the remaining two frames of data of one frame is Information called almanac 
Information which is transmitted commonly from all of the satellites. The almanac information must be collected for 25 
frames In order to acquire all of the information and includes rough position Information of each satellite and information 

45 representative of which satellites can be used. The almanac Information is updated after each several months, but 
remains the same Information until it is updated. However, If the almanac Information is stored In a memory of a GPS 
receiver, then the same Infonnation can be used with a high degree of accuracy for several months. 
[001 2] In order to receive a GPS satellite signal, a code of a PN series which is prepared in a GPS receiver and Is 
same as the PN series of the C/A code used by a GPS satellite to be received is used to establish phase synchronism 

50 With the C/A code of the signal from the GPS satellite to catch the satellite signal, and the satellite signal is spectrnm 
despread. A code of a PN series is hereinafter referred to as PN code. As phase synchronism with the C/A code is 
established and despreadlng is performed, bits are detected, and consequently, a navigation message including time 
infomiation and so forth can be acquired from the GPS satellite signal. 

[0013] A satellite signal Is caught by a phase synchronism search of the C/A code. In the pliase synchronism 
55 sear^jh, a con-elation between the PN code of the GPS receiver and the PN code of a reception signal from a GPS sat- 
ellite and, when the correlation Is higher than a con-elation value determined in advance. It is discriminated that the PS 
codes are in synchronism with each other. If it Is discriminated that the PS codes are not In synchronism with each 
other, then the phase of the PN code of the GPS receiver Is successively shifted one by orie chip while a correlation of 
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the PN code of the GPS reception signal to the PN code ot the GPS receiver Is detected for each phase to detect the 
phase with which synchronism can be established. 

[0014] In this Instance, the PN code of the GPS satellite Is driven with a clock of a very high precision frequency. 
Accordingly, If the clock for driving a generator of a PN code prepared In the GPS receiver has a degree of accuracy 
5 substantially equal to that of a clock of a satellite, then If the PN code of the GPS receiver is shifted through 1 ,023 chips, 
i.e. one period of repetition of the PN code, then phase synchronism Is obtained with some phase and a spread spec- 
trum wave from the satellite can be caught 

[0015] The clock for driving the generator of the PN code of the GPS receiver Is usually obtained by dividing the 
frequency of a reference frequency oscillator prepared In the GPS receiver. A high precision quartz oscillator is used as 

TP the reference frequency oscillator. However, the oscillation frequency of the reference frequency oscillator of the GPS 
receiver Is usually fluctuated by a temperature variation or a secular change, Therefore, there Is the possibility that the 
chip frequency of the PN code may be displaced between the satellite signal and the signal of the GPS receiver. There- 
fore, the GPS receiver performs a frequency search so that the oscillation frequency of the built-in reference frequency 
oscillator may be adjusted to the frequency of the spread spectrum signal from the GPS satellite taking a variation of 

w the oscillation frequency of the built-in reference frequency oscillator into considerHtion. 

[0016] FIG. 14 illustrates such a frequency search as just mentioned, in particular, such a phase synchronism 
search as described above is performed when the frequency of the clock signal for driving the PN code generator of the 
GPS receiver Is a certain frequency f1 . Then, If a phase with which synchronism is detected Is not found In the phase 
search for all of 1 ,023 chips for which the phase synchronism search Is performed, then, tor example, the dividing ratio 

20 of the signal from the reference frequency oscillator Is varied to vary the frequency of the driving clock signal to another 
frequency f2. Then, a phase search for 1 ,023 chips is performed similarly. This Is repeated by successively changing 
the frequency of the driving clock signal stepwise as seen In FIG, 14. The operation described is a frequency search. 
[0017] A frequency of the driving clock signal which can be considered to allow synchronization is detected by the 
frequency search, and final phase synchronization of the PN code is performed with the clock frequency. Consequently, 

25 even if the oscillation frequency of the quartz fraquency oscillator has some displacement, the satellite signal can be 
caught. 

[0018] By the way, in order to perform positioning arithmetic operation on the GPS receiver, the distance between 
the satellite and the receiver must be detennlned. In particular, the GPS receiver measures a time Interval, that is, a 
signal arrival time interval, until a signal fonivarded from the satellite at a certain time aTives at the GPS receiver and 

30 multiplies the time interval by the velocity of light 3 x 1 0^ m/s to calculate the distance. 

[001 9] In order to measure the signal an-lval time interval. It Is necessary to establish precise time synchronism with 
a signal from the satellite and measure two kinds of time intervals. One of the two time Intervals is time information 
shorter than one period of a spread code obtained by establishing phase synchronism with the C/A code, that is, time 
information shorter than 1 milliseconds. The other time Interval Is time Information longer than one period of a spread 

35 code, that Is, time infonnatlon longer than 1 millisecond. 

[0020] The time Information shorter than 1 millisecond is obtained as a timing at which phase synchronism of the 
C/A code is established to catch the GPS satellite signal. In particular, since the spread code (PN code) of the satellite 
is in synchronism with Its atomic clock, if phase synchronism of the PN code Is established on the GPS receiver, that 
is, if synchronism of the C/A code is established, then information shorter than 1 millisecond of the arrival time Interval 

40- of a radio wave from the BBtellite is obtained. 

[0021 1 However, only if synchronism of the C/A code is established, only time information shorter than 1 millisecond 
is obtained, but time Information longer than 1 millisecond is not obtained. Therefore, time Information longerthan 1 mil- 
lisecond is necessitated. Conventionally, such time information longer than 1 millisecond is obtained by acquiring a nav- 
igation message Included In a signal from the G PS satellite. In particular, time Infomnatlon longer than 1 millisecond Is 

45 obtained by establishing phase synchronism with the preamble pattern in the navigation message and refemng to the 
TOW to confirm the phase synchronism timing. 

[0022] As described above, in the conventional GPS receiver, in order to catch a satellite signal, a frequency search 
Is required due to a temperature variation or a secular change of the reference frequency oscillator provided in the GPS 
receiver. Since comparatively much time is nonnally required for the frequency search, there Is a problem that much- 
50 time is required until positioning arithmette calculation Is performed finally to measure the position of the GPS receiver 
at present 

[0023] Where the conventional time synchronization method described above Is.used, there is a problem that infor- 
mation of the preamble and the TOW for acquiring time infomnation longer than 1 millisecond is obtained in a unit of a 
subframe, that Is, only once In 6 seconds. Besides, in order to prevent en"oneous locking, it is preferable to confirm infer- 
55 mation of the preamble and so forth usually two or more times. Therefore, the time required until final time synchronism 
is established after synchronism between the signal from the satellite and the C/A code Is established is more than 6 
seconds even if the time Information the GPS receiver has Is valid. 

[0024] The time of more than 6 seconds makes an obstacle If It is tried to shorten the time required until positioning 
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arithmetic opemtion Is started after power Is made available. Further, where It Is Intended to Incorporate the GPS posi- 
tioning system In a portable apparatus, although power saving Is demanded, such power saving cannot be achieved 
Bufflolently because the prior art requires much time until positioning arithmetic operation Is started as described above. 

5 SUMMARY OF THE INVENTION 

[0025] It Is an object of the present Invention to provide a GPS positioning method and a GPS reception apparatus 
by which time required, for example, until time synchronism Is established after power is made available to a GPS 
receiver can be shortened. 

10 [0026] In order to attain the object described above, according to an aspect of the present Invention, there is pro- 
vided a GPS positioning method, comprising the steps of acquiring high precision frequency Infonnatlon provided by a 
standaitl wave, measuring an oscillation frequency of a reference frequency oscillator used In a GPS receiver section 
or a frequency variation of the oscillation frequency using the received high precision frequency information, and utiliz- 
ing a result of the measurement to catch a signal from a GPS satellite. 

IB [0027J In the GPS positioning method, even If the oscillation frequency of the reference frequency generalnr of the 
GPS receiver section is varied by a temperature variation or a secular change, the frequency variation is measured 
based on the high precision frequency infom^ation provided by the standard wave called radio clock, and a result of the 
measurement Is utilized to catch a signal from a G PS satellite so that the frequency variation can be cancelled. Conse- 
quently, the GPS satellite signal can be caught rapidly without using a frequency search which is used In a conventional 

£0 GPS positioning method. 

[0028] Preferably, the GPS positioning method further comprises the steps of acquiring high precision time infor- 
mation provided by the standard wave, and performing positioning arithmetic opemtion using the high precision time 
information In place of time information sent from the GPS satellite. 

[0029] In the GPS positioning method, since the positioning arithmetic operation is performed using the high preci- 
25 sion time Information, vrtibh is pr^>vided by the standard wave and normally obtained, in place of the time information 
sent from the GPS satellite, the positioning arithmetic operation can be started rapidly when compared with a conven- 
tional GPS positioning method.. 

[0030] As an alternative, the GPS positioning method may further comprise a first step of detecting a synchroniza- 
tion timing regarding a spread code of a spread spectrum signal from the GPS satellite to detect a time component 
3D shorterthan one period of the spread code for time synchronization, and a second step of detecting, after the synchro- 
nization of the spread code Is completed In the first step, a time at a boundary of one period of the spread code from 
the high precision time infomiation provided by the standard wave and detecting a time component longer than one 
period of the spread code for the time synchronization based on the time of the boundary. 

[0031] in the GPS positioning method, a time component shorter than 1 millisecond which Is one period of the 
35 spread code is determined by establishing synchronism of the C/A code slmilariy as in a conventional GPS positioning 
method. However, as regard a time component longer than 1 millisecond, the time of the boundary of one period of the 
spread code Is detected from the high precision time Infomnation which can be obtained from the standard wave. In this 
instance, time synchronism of a sufficiently high degree of accuracy can be established if the time Infomnation obtained 
from the radio watch has an accuracy shorterthan 500 microseconds. Thus, by establishing time synchronism In a slm- 
40 liar manner as described above with regard to three or four satellites, the positioning arithmetic operation can be started 
rapidly. 

[0032] Accordingly, with the GPS positioning method, there is no necessity of checking the preamble or the TOW 
of a navigation message as in a conventional GPS positioning system, and consequently, the time required for time syn- 
chronization can be shortened slgnlficantiy. 

45 [0033] As another alternative, the GPS positioning method may further comprise a first step of detecting a synchro- 
nization timing regarding a spread code of a spread spectrum signal from the GPS satellite to detect a time component 
shorter than one period of the spread code for time synchronization, and a second step of detecting, after the synchro- 
nization of the spread code is completed In the first step, a boundary of a bit of information from the satellite, detecting 
the^time of the boundary of the bit with the high precision time infonnatlon provided by the standard wave and detecting 

BO a time component longer than one period of the spread code for the time synchronization. 

[0034] In the GPS positioning method, a time component shorter than 1 millisecond is determined by establishing 
synchronism of the C/A code similarly as In a conventional GPS positioning method. However, as regards a time com- 
ponent longer than 1 millisecond, the time of ttie boundary of a bit which corresponds to 20 periods of the spread code 
is detected from the high precision time information which is provided by the standard wave. In tills instance, time syn- 

55 chronlsm of a sufflcientiy high degree of axuracy can be established If the time Information obtained by the GPS 
receiver has an accuracy shorter than 1 0 microseconds. Thus, by establishing time synchronism in a similar manner as 
described above with regard to three or four satellites, the positioning arltiimetic operation can be started rapidly. 
[0035] Accordingly, with the GPS positioning method, there Is no necessity of checicing the preamble or the TOW 
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of a navigation message as In a conventional GPS positioning systenn, and consequently, the time required for time syn- 
chronization can be shortened significantly and besides time Infomiatlon of a lower degree of acouraoy can be used by 
the GPS receiver section, 

[0036] Preferably, even when powerto the GPS receiver section Is off, power Is kept supplied to the frequency osoll- 
5 lator of the GPS receiver section so that the frequency of the frequency oscillator or a frequency variation of the fre- 
quency Is measured using tfie high precision frequency Information provided by the received standard wave. 
[0037] In the GPS positioning method, even when powerto the GPS receiver section Is off, the frequency variation 
of the reference frequency oscillator can be set In advance. Although generally a GPS receiver exhibits high power con- 
sumption, with the GPS positioning method, even If power is not normally supplied to the GPS receiver, since the fre- 
10 quency variation of the reference frequency oscillator can be measured in advance, the time until a satellite radio vmve 
Is caught actually after power is made available to the GPS receiver section to start catching of the satellite wave can 
be reduced. 

[0038] In summary, with the GPS positioning method, since a satellite signal can be caught in a fomn wherein a fre- 
quent^ variation of an oscillation frequency of the reference frequency oscillator provided In the GPS receiver section 
15 is removed using high precision frequency information obtained by receiving a standard wave, a frequency search with 
the frequency variation of the oscillation frequency of the reference frequency oscillator taken Into consideration need 
not be performed. Accordingly, the time until a satellite signal can be caught actually after catching of the satellite signal 
Is started can be shortened when compared with that of the prior art. 

[0039] Further, since the time Information obtained from the standard wave Is used in place of time Information from 
so a GPS satellite, also the time until time synchronism Is established as pre-processing to positioning arithmetic operation 
can be reduced significantly Accordingly, with the GPS positioning method, the ttme requlred until posltiDning arithmetic 
operation Is started can be reduced significantly 

[0040] Since the time till measurement of the position after power Is made available Is shortened in this manner, the 
driving time of the GPS receiver necessary for position measurement is reduced, which contributes to power saving. 
0 Further, since the time till position measurement after power supply Is made available becomes shorter, the stress of 
the user who uses the position measuring function can be reduced. 

[0041] The above and other objects, features and advantages of the present Invention will become apparent from 
the following description and the appended claims, taken in conjunction with the accompanying drawings In wtilch like 
parts or elements denoted by like reference symbols. 

so 

BRIEF DESCRIPTION OFTHE DRAWINGS 
[0042] 

35 FIG. 1 1s a block diagram showing a construction of a GPS reception apparatus according to a prefen-ed embodi- 
ment of the present invention; 

FIG. 2 Is a table illustrating specifications of a standard radio wave; 

FIG. 3 is a block diagram showing a construction of a signal demodulation section of the GPS reception apparatus 
of FIG. 1; 

40 FIGS. 4A and 4B are diagrams showing a radio wave transmitted from a satellite and a reception tlml ng of the radio 

wave, respectively, and Illustrating a time synchronization method according to the present invention; 

FIG. 5 is a diagrammatic view Illustrating the time synchronization method of FIGS. 4A and 4B; 

FIG. 6 is a block' diagram showing an apparatus for executing the time synchronization method of FIG. 5; 

FIG. 7 Is a flow chart Illustrating operation of the apparatus of FIG. 6; 
45 FIG. B Is a diagram illustrating a power saving performance of the GPS reception apparatus of the present Invention 

Jn comparison with a conventional GPS reception apparatus; 

FIG. 9 is a schematic view showing an example of an application of the GPS reception apparatus according to the 
present invention; 

FIG. 1 0 Is a block diagram showing another apparatus for executing the time synchronization method of FIG. 5; - 
50 FIG. 1 1 1s a flow chart Illustrating operation of the apparatus of FIG. 1 0; 

FIG. 12 is a block diagram showing a construction of a GPS reception apparatus according to another preferred 
embodiment of the present Invention; 

FIGS. 13A to 13E are diagrams showing a structure of a GPS satellite signal; and 
FIG. 14 Is a diagram Illustrating a frequency search in a conventional GPS receiver. 

55 

DESCRIPTION OFTHE PREFERRED EMBODIMENTS 

[0043] Refening first to FIG. 1 , there is shown a system construction of a GPS reception apparatus of the present 



6 



EP 1 092 987 A2 



Invention to which a GPS positioning method of the present Invention Is applied. The GPS reception apparatus Includes 
B GPS receiver section 1 0, a standard wave receiver section 20, and a frequency measurement section 30. 
[0044J The GPS receiver section 1 0 Includes an antenna section 1 1 which receives a GPS satellite signal and so 
forth and supplies the mception signal to a radio frequency processing section 1 2. The radio frequency processing eeo- 

B tion 1 2 is hereinafter referred to simply as RF section 1 2. The RF section 1 2 uses a frequency signal from b reference 
frequency oscillator 1 3 to convert the frequency of the reception signal Into a signal of an intemnediate frequency of sev- 
eral MHz to seveml tens MHz and outputs the Intermediate frequency signal to a demodulation and arithmetic operation 
section 1 4. The demodulation and arithmetic operation section 1 4 establishes synchronism of the C/A code to perform 
demodulation by spectrum despreading and establishes time synchronism to execute positioning arithmetic operation. 

10 [00451 The demodulation and arithmetic operation section 1 4 demodulates the reception signal to obtain intorma^ 
tion of the ephemerls and Infonnation of the almanac and stores tiie Information into a storage section 15. An Input- 
ting/outputting section 16 is provided to output a result of positioning arithmetic operation and so forth or fetoh 
necessary Information, 

[0046] The demodulation and aritiimetic operation section 14 drives a PN code generator with a clocl^ signal 
w obtained using a frequency signal from the frequency measurement section 30 to generate a PN code of the receiver 
side, and performs phase synchronization between the PN code of the receiver side and the PN code of a satellite sig- 
nal to catch the satellite signal. Then, the demodulation and arithmetic operation section 14 performs time synchroni- 
zation of the caught satellite signal and executes positioning arithmetic operation. 

[0047] Then, as hereinafter described in detail, when tiie satellite signal Is caught, the demodulation and arithmetic 
BO operation section 14 performs correction of the oscillation frequency of the reference frequency oscillator 13 so that the 
frequency variation of the oscillation frequency by a temperature variation or a secular change of the reference fre- 
quency oscillator 13 may be Ignored. Consequentiy, a frequency search which Is required by a conventional GPS 
receiver can be omitted. 

[0048] In particular, in the GPS reception apparatus, the frequency measurement section 30 uses high precision 
25 frequency Information obtained by the standard wave receiver section 20 to measure the oscillation frequency of the 
reference frequency osclltator 1 3 or a frequency variation of tiie oscillation frequency, and the demodulation and arith- 
metic operation section 14 uses a result of tiie measurement to perfomi correction of tiie oscillation frequency of the 
reference frequency oscillator 13 in the catching circuit system of a signal from a GPS satellite so tiiat a frequency var- 
iation of the oscillation frequency by a temperature variation or a secular change of tiie reference frequency oscillator 
30 13 may be ignored to catch the signal from the GPS satellite, in the example described below, an oscillation frequency 
variation of the reference frequency oscillator 13 Is measured, and a result of the measurement Is used to catch the 
GPS satellite signal, 

[O049] As regards time synchronization by tiie demodulation and arithmetic operation section 14 In the GPS recep- 
tion apparatus, a time component shorter than 1 millisecond of the time synchronization is obtained by synchronizing 

35 the C/A code of a spread spectrum signal wave from a satellite in a similar manner as in the prior art However, for 
example, when power is made available or upon time re-synchronlzation from a state wherein time synchronism is lost 
by a great amount, as regards a time component longer tiian 1 mlirisecond, time infonnation on tiie boundary of partic- 
ular data Is acquired precisely using high precision time infonnation Tst from tiie standard wave receiver section 20 
without using the preamble or the TOW of a navigation message as in the prior art. 

40 [0050] The standard wave receiver section 20 in the GPS reception apparatus has a construction of a radio dock 
which receives a standard wave in a long wavelength band. In particular, In Japan at present, a standard wave for which 
a carrier of a short waveiengtii band such as 5 MHz, 8 MHz or 1 0 MHz Is used and another standard wave for which a 
earner of a long waveiengtii band of 40 kHz is used as seen In FIG. 2 are utilized. In the GPS reception apparatus, the 
long wavelength band standard wave which is superior in accuracy in frequency and time interval and besides Is wider 

45 in cover area of the radio wave is utilized. 

[0051] In particular, an antenna section 21 of the standard wave receiver section 20 receives the long wavelengtti 
band standard wave and supplies a reception signal of the long wavelength band standard wave to a long vravelength 
band standard wave reception and demodulation section 22. The long wavelength band standard wave reception and 
demodulation section 22 demodulates the received long wavelength band standard wave and supplies Its demodulation 

so output to a frequency Information and time Infomnation extraction section 23. The frequency Information and time Infor- 
mation extraction section 23 extmcts such high precision frequency information Fst and time infomnation Tst as 
described hereinabove from the demodulated long wavelengtii band standard wave. 

[0052] Then, the frequency Information and time information extraction section 23 supplies the extracted frequency 
infonnation Fst to the frequency measurement section 30 so as to measure a frequency displacement of the oscillation 
55 frequency of the reference frequency oscillator of the GPS receiver section 1 0. The frequency measurement section 30 
in the present example detects for what number of periods the frequency signal from tiie reference frequency oscillator 
13 is included in tiie signal of the precise frequency of 40 kHz to measure the oscillation frequency of the reference fre- 
quency oscillator 13, and measures infomnation of the frequency displacement Af of the oscillation frequency based on 
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a result of the measurement Then, the reference frequency oscillator 13 supplies the Information of the frequency dis- 
placement Af to the demodulation and arithmetic operation section 14 of the GPS receiver section 10. 
[0053] The time Information Tst detected by the frequency Information and time infonnatlon extraction section 23 is 
supplied to the demodulation and arithmetic operation section 14 of the QPS receiver section 10 in order to establish 
5 time synchronism. 

[Catching Method of a Satellite Signal with a Frequency Variation of the Reference Frequency Oscillator Taken Into 
Consideration] 

10 [0054] Now, an example of a method of catching a satellite signal wherein a frequency variation of the reference 
frequency oscillator 1S is cancelled by the demodulation and arithmetic operation section 14 of the GPS receiver sec- 
tion 10 Is described. 

[0055] FIG, 3 shows a construction of a signal demodulation section in the RF section 1 2 and the demodulation and 
arithmetic operation section 1 4 of the GPS receiver section 1 0 which catches and demodulates a satellite signal. 

15 [0056] Refen-lng to FIG. 3, a satellite signal in the fonn of a spread spectrum signal received by the antenna 1 1 is 
supplied to the RF section 12. Meanwhile, an oscillation frequency, In the present example, an output of the reference 
frequency oscillator 13 formed from a quartz frequency oscillator of 1B. 41 4 MHz, is supplied to a local oscillation circuit 
41 . Consequently, a local oscillation output having a frequency ratio fixed with respect to the output frequency of the 
reference frequency oscillator 13 is obtained from the local oscillation circuit 41. 

20 [0057] The local oscillation output Is supplied to the RF section 1 2, by which the satellite signal Is converted into a 
signal of a first Intennedtate frequency of a lower frequency band and is further converted into a second intermediate 
frequency signal Slf of a further lower second intermediate frequency (1 .023 MHz) with the oscillation output of the ref- 
erence frequency oscillator 13. 

[0058] The second Intemnedlate frequency signal Sif from the RF section 12 is supplied to a binary digitization cir- 
25 cult 42, by which it is compared in level with a predetennlned threshold value so that It Is binary digitized. 

[0059] A binary output Sd of the binary digitization circuit 42 is supplied to a signal multiplier 43 fomned from an 
exclusive OR circuit 

[0060] in the signal demodulation section shown in FIG. 3, a so-called tau dither tracing method is used for a feed- 
back loop 50 for despreading demodulation while a costas loop is used for a feedback loop 60 for demodulating data 

30 bits. The feedback loop 50 and the feedback loop 60 have a digitization construction, and control signals for the feed- 
back loop 50 and the feedback loop 60 are formed by software processing by a microcomputer 70. 
[0051] In particular, in the feedback loop 50 for despreading demodulation, reference numeral 51 denotes a code 
generatorfor generating a PN code of the receiver side, and a composite PN code composed of an early (early) code 
Me and a late (late) code Md which have phase differences equal to a predetermined offset with respect to the phase 

35 (reference phase) of a reference PN code is obtained from the code generator 51 . The composite PN code is supplied ' 
to the signal, multiplier 43. In this instance, the composite PN code is produced by switching the early code Me and the 
late code Md for each 1 millisecond. 

[0062] The signal multiplier 43 multiplies the composite PN code and the binary digitized Intermediate frequency 
signal Sd from the binary digitization circuit 42. 

40 [0063J In this instance, a clock generator 52 for generating a driving clock for controlling the phase and the fre- 
quency (chip rate) of the early and late PN codes from the code generator 51 is formed from a numerically controlled 
variable frequency oscillator (hereinafter refer to as NCO). The reference clock from the reference frequency oscillator 
13 is supplied to the clock generator 52, and the clock generator 52 divides 1 6.41 4 MHz of tiie reference clock by 1 8 to 
fomi a driving clock of 1 .023 MHz for the code generator 51 under tiie control of the microcomputer 70. 

45 [0054] In the code generator 51 , the phases and the frequencies of the early and late PN codes are controlled with 
the clock from the clock generator 52 having a controlled phase and a controlled frequency. Consequentiy, the PN code 
from the code generator 61 Is controlled so that the phase and the frequency thereof may coincide with the phase and 
the frequency of the PN code included in the Intermediate frequency signal Sd from the reference frequency osdliator 
13 thereby to perform despreading, - '■ — 

50 [0065] The feedback loop 60 for demodulating data bits Includes a carrier generator 61 fomned from an NCO, a 90° 
phase shifter 62, first and second multipliers 63 and 64 each fomned from an exclusive OR gate, a pair of low-pass fitters 
65 and 65 each formed from a counter, and tine microcomputer 70 for fomning a control signal to tine can-Ier generator 
61 . The feedback loop Is formed from a costas loop. 

[0056] The reference clock from the reference frequency oscillator 13 Is supplied to the carier generator 61. The 
55 can-Ier generator 61 generates a can-Ier suitable for numerical control of the NCO by the microcomputer 70 from the ref- 
erence clock. 

[0057] The microcomputer 70 executes such functions as indicated as functioning blocks In a portion of FIG. 3 sur- 
rounded by a thin line based on program software. In particular, processing functions of the microcomputer 70 are 
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deeorlbed in oonnectlon with the functioning blocks of FIG. 3. Multiplloatlon means 71 muttlplles count values fronn the 
low-pasB filters 65 and 66 each formed from a counter to obtain an output wlilch corresponds to a phase difference 
between a carrier component in the reception signal and the carrier from the carrier generator 61 as a multiplication out^ 
put and supplies the multiplication output to loop filter means 72. 

5 [OOSB] Then in the GPS reception apparatus, the high precision frequency information Fst from the standard wave 
receiver section 20 and the frequency signal from the reference frequency oscillator 13 are supplied to the frequency 
measurement section 30. The frequency measurement section 30 measures the frequency displacement Af of the fre- 
quency signal from the reference frequency oscillator 13 based on the high precision frequency Information Fst as 
described above. Then, the Information of the frequency displacement Af is supplied to loop filter means 72 of the 

TO microcomputer 70. 

[0069] The loop filter means 72 fomis a signal for controlling the frequency or the phase of the output signal of the 
carrier generator 61 from the multiplication output of the multiplication means 71 and the information of the frequency 
displacement Af from the frequency measurement Section 30 and supplies the control signal to the cannier generator 
61 . The multiplication means 71 and the loop filter means 72 described above fomi part of the costas loop 60. 
IS [0070] Absolute value detection means 73 and 74 detects absolute values of the count value outputs of the low^ 
pass filters 65 and 66, respectively, and detection outputs of the low-pass filters 65 and 66 are added by addition means 
75. The addition means 76 thus outputs a signal representative of a congelation level between the PN code from the 
code generator 51 and the PN code of the reception signal, that Is, a correlation output. 

[0071] The conflation output signal from the addition means 76 representative of the con-elation level is supplied 
eo to loop filter means 76. The loop filter means 76 forms a numerical control signal for controlling the frequency or the 
phase of the output block otthe clock generator 52, which produces a driving clock forthe code generator 51 , based on 
the correlation output signal 

[0072] As described above, in the GPS reception apparatus, even If the oscillation frequency of the reference fre- 
quency oscillator 13 Is fluctuated by a temperature variation or a secular change, since the oscillation frequency varia- 
ss tlon Is reflected on the output signal of the carrier generator 61 , such a frequency search as In the prior art Is 
unnecessary. 

[Time Synchronization Method] 

30 [0073] Subsequently, a time synchronization method In the GPS reception apparatus is described. First, an outline 
of the time synchronization metiiod is described. 

[0074] A radio wave frtim a satellite is transmitted, for example, in such a manner as seen in FIG, 4A in accordance 
witii a GPS clock In the form of an atomic clock. The transmission radio wave Is received by the GPS receiver after an 
arrival time Ata as seen in FIG. 4B. 

35 [0075] In FIGS. 4A and 4B, the arrival time Ata is shown with reference to the point of time of the top of a subframe. 
However, even If the point of time of the top of a subframe cannot be discriminated, if the time of the boundary of par- 
ticular data such as, for example, the boundary of one period of the spread code, the boundary of a bit or the boundary 
of a word is discriminated precisely and it is discriminated what numbered epoch of what number bit of what numbered 
word of the subframe the point of time of the boundary Is, then this Is equivalent to that the point of time of the top of 

40 the subframe is detected. 

[0076] Thus, In the GPS reception apparatus, the time of the boundary of particular data such as, for example, the 
boundary of one period of the spread code, the boundary of a bit or the boundary of a word Is discriminated precisely 
using high precision time information extracted by the standard wave receiver section 20, and then it Is recognized what 
numbered epoch of what number bit of what numbered word of the subframe the point of time of the boundary Is so 
45 that, even if the preamble or the TOW In the navigation message is not investigated, a time component longer than 1 
millisecond is detected to establish time synchronism. 

[0077] What numbered epoch of what number bit of what numbered word of a subframe the point of tima of the 
boundary is can be detemnlned in the following manner. 

[0078] From trajectory data of the satellite stored In the storage section 1 5 of the G PS receiver section 1 0 and a 
so rough an"ival time Ata of the radio wave from the satellite can be discriminated. Thus, If the anival time Ata is subtracted 
from the reception time of the satellite radio wave at the GPS receiver section 1 0, then the difference is substantially 
equal to the point of time of tiie top of the subframe of the information from the satellite. 

[0079] Thus, If the arrival time Ata Is subtracted from the time of the point of time of the boundary, then the time of 
B result of the subtraction becomes Information of the point of time at which a time AtiD elapses from the top of the sub- 
55 frame as seen from FIG. 4A. If the time of the result of the subtraction Is replaced with a bit or a clock of the spread code 
to perform calculation, then It can be discriminated what numbered epoch of what numbered bit of what numbered word 
of tiie subframe the point of time of the boundary Is. 

[0080] Accordingly, If tfie time Information which can be utilized by the GPS reception apparatus has a predeter- 
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mined degree of preclseness wtth respect to the GPS clock, then by acquiring the time of the boundary of particular 
data from the time Information after eynchronlzRtlon of the C/A code Is completed, accurate time Bynchronism can be 
established without Investigating the preamble or the TOW of the navigation message. 

[0081] By the way, the boundary of one period ot a spread code can be detected readily. Also the boundary of a bit 
5 can be detected by detecting Inversion of the spread code In a unit of one period. However, It Is difficult to detect the 
boundary of a word because contents are different for each word, This also applies to the boundary of a subframe. 
Therefore, In the GPS reception apparatus described below, the boundary of one period of the spread code and the 
boundaiy of a bit are used. 

{00B2] As described hereinabove, when synchronism of the C/A code from a satellite Is established, since the C/A 
10 code has one period of 1 millisecond, an an-lval time of a radio wave from the satellite regarding a time component 
shorter than 1 millisecond can be known, In other words, when synchronism Is established, the displacement amount 
of the spread code (PN code) with respect to the reference phase (by what number of chips the spread code Is dls^ 
placed from the reference phase) at the synchronization point of time is a time component on the order less than 1 mil- 
lisecond of an an-lval time of the wave from the satellite to the receiver. TTils Is similar to the prior art. 
15 10083] In the time synchronization method used in the GPS reception apparatus, the GPS reception apparatus can 
acquire high precision time information at the standard vmve receiver section 20 as described hereinabove, v 
[0084] In the foregoing description, In order to detect the boundary of one period of the spread code, It is necessary 
that the boundary be detected accurately with an error on the order of 500 microseconds. Meanwhile, in order to detect 
the boundary of a bit, It is only required that the boundary can be detected accurately with an error on th? order of 1 0 
20 milliseconds. Depending upon the difference in accuracy of time Infomnatlon which can be acquired by the QPS recep- 
tion apparatus of the present embodiment, two forms are available as described below. 
[0085J The problem of the accuracy of time infomnatlon is described first 

I0086J The difference between time data which can.be acquired by the GPS reception apparatus and con-ect time 
data is represented by At1. Further, where, as seen in FIG. 5, a rough position of the GPS reception apparatus is rep- 
25 resented by (uxl , uy1 , uz1), an accurate position of the GPS reception apparatus by (ux, uy, uz), the position of the sat- 
ellite at the time t by (stx, sty, stz), the position when the radio wave received by the GPS reception apparatus at the 
time t is transmitted from the satellite by (sx, sy, sz), and the velocity of light by c, the en-or At2 ot the calculated propa- 
gation time of the radio wave from the satellite to the GPS reception apparatus can be represented, from FIG. 5, as 

30 At2 = l(sx - ux)^ + (sy - uy)^ + {sz - uz)^)^'^ -((stx - ux1)^ + (sty - uy1)^ + ((stz - uz1)^)^'^l/c 

[0087J The em>r E which matters vwth the time information is E = Atl + At2 . Accordingly, in what manner e time 
component longer than 1 millisecond is obtained is different depending upon how high the value of the en-or E of time 
Infomnatlon which can be utilized by the GPS reception apparatus is. 

35 

[First Fomn of Time Synchronization] 

[0088] in the first tomi of time synchronization, time Information longer than 1 millisecond for time synchronization 
is determined from time Information of the boundaries of one period ot the PN code which is a spread signal, that is, the 
40 C/A code and of 1,023 chips. In this instance, the accuracy of the time infomnatlon which can be utilized by the GPS 
reception apparatus must be 

E = Atl + At2 < 500 microseconds 

45 Here, the time information acquired by the standard wave receiver section 20 satisfies this condition. 

[0089] FIG. B illustrates time synchronization of the demodulation and arithmetic operation section 14 of FIG. 1 in 
the present first form. Refen-ing to FIG. 6, all or some of bloclcs of the demodulation and arithmetic operation section 1 4 
In this Instance can be formed from a microcomputer. 
[0090] — In particular, an intermediate frequency signal from the RF section 1 2 is supplied to-a despreading section 

50 141 . To the despreading section 141 , a PN code for despreading is supplied from a C/A code synchronism detection 
section 1 43 which includes the PN code generator 51 . The C/A code synchronism detection section 143 controls the 
generation phase of the PN code based on the con-elation detection infomnatlon from the despreading section 141 to 
perform synchronism detection with the C/A code. Then, the C/A code synchronism detection section 143 locks the 
phase of the PN code at the phase with which synchronism Is established. 

55 [0091] After the synchronization of the C/A code is completed, a GPS satellite signal which has been in a spread 
spectrum modulated state Is obtained in a demodulated fomn from the despreading section 141 and is supplied to a 
data decoding section 142. 

[0092] The data decoding section 142 decodes the ephemerls Information and the almanac Infomnatlon and out- 
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puts the decoded Information. The Information of the navigation message Is stored, for example, Into the storage seo^ 
tlon 15 and supplied to a positioning arithmetic operation section 145, 

[0093] Further, the C/A code synchronism detection section 1 43 supplies a signal U representative of the time at 
which synchronism of the C/A is established to a time synchronism detection section 144. Further, In the present fomn, 

? the C/A code synchmnism detection section 143 supplies a signal Ps representative of the boundary of one period of 
the PN code to the time synchronism detection section 1 44. It Is to be noted that the signal U representative of the tim- 
ing at which synchronism of the C/A code Is established Is produced by the microcomputer 70 in FIG. 3. 
t0094J The time synchronism detection section 144 determines time Information shorter than 1 milliseconds for 
time synchmnlzation from the Bignai U representative of the time at which synchronism of the C/A code Is established. 

10 The time synchronism detection section 1 44 further determines time infomiation longer than 1 millisecond for time syn- 
chronization based on the signal Ps representative of the boundary of one period of the PN code after completion of 
the synchronization of the C/A code to establish time synchronism for positioning arithmetic operation. 
[0095] FIG. 7 illustrates a flow of processing executed by the time synchronism detection section 1 44. 
[0096] Referring to FIG. 7, the time synchronism detection section 1 44 first discriminates whether or not synchro- 

n nization of the C/A code is completed by discriminating whether or not the signal Lt is acquired (step SI 01). Then, If it 
Is discriminated that synchmnlzation of the C/A code is completed, then the time synchronism detection section 144 
detemiines Btime component shorter than 1 millisecond for time synchronization (step SI 02). 
[0097] Then, the time synciironlsm detection section 144 waits that one period of the PN is completed end the 
boundary of the period of the PN code comes (step S103). Then, after the time synchronism detection section 144 con- 

2P flmis from the signal Ps representative of the boundary of one period of the PN code that the boundary of the period of 
the PN code comes, the time synchronism detection section 144 detects the time ts then from the high precision time 
Information Tst from tiie standard wave receiver section 20 (step SI 04). 

[0098] Then, as described above, the time synchronism detection section 1 44 subtracts the radio wave pmpagation- 
time which Is a rough arrival time of the radio wave from the satellite from the time ts then and rounds the value of the 
es figure of 1 00 microseconds of a result of the subtraction to detemnlne time infomiation longer than 1 millisecond for time 
synchronization. Then, the time synchronism detection section 144 establishes time synchronization from the time 
information and sends a result of the same to the positioning arithmetic operation section 145 (step SI 05). 
[0099] Here, the radio wave propagation time which is an arrival time of the radio wave from the satellite can be rep- 
resented by the following expression: 

3D 

((stx - uxl) ^ + (Sty - ny1)^ + (stz - uz1) ^) ^^/c 

[0100] The time synchronization processing by the time synchronism detection section 1 44 is ended thereby. 
[0101] The positioning arithmetic operation section 145 calculates the distance between the satellite and the GPS 

35 reception apparatus based on the infonnation of the time synchronization described above. In particular, such time syn- 
chronism as described above is established for a number of satellites necessary for positioning arithmetic operation, 
that is, usually for tiiree satellites where two-dimensional position is to be performed, but for four satellites where three- 
dimensional positioning is to be perfonned. Then, when the distances between the Individual satellites and tiie GPS 
reception apparatus are calculated, positioning arithmetic operation is perfonned and a result of the same Is outputted. 

40 [0102] When the synchronization of the C/A is completed in this manner and then the boundary of one period of the 
PN code is detected, in the present fonn, time synchronism is established as pre-processing to positioning arithmetic 
operation, and tiien positioning arithmetic operation can be perfomned. Consequently, when compared with the conven- 
tional method which uses the preamble or the TOW and by which the position Is obtained only in a unit of 6 seconds, 
the time until the position Is determined can be shortened, which contributes to power saving. 

45 [0103] Besides, since, in ttie present form, a frequency search with the frequency variation of the oscillation fre- 
quency of the reference frequency oscillator 13 taken into consideration need not be performed as described above, 
also the time required to catch the satellite signal can be shortened by atime required forthe frequency search. Accord- 
ingly, also In this regard, the time until positioning arithmetic operation is started can be shortened further, which leads 

" to power saving. - - 

so [0104] For example, when a GPS reception apparatus Is driven Intemnlttently as seen In FIG. B. while tiie time until 
the position is detennined Is long and power consumption for the time matters with a conventional GPS reception appa- 
ratus, In the present Invention, the time until the position Is determined Is shortened as described above, and the power 
consumption at portions having slanting lines added thereto from within power consumption of a conventional GPS 
reception apparatus In FIG. B can be reduced. 

55 [0105] Further, power saving of the GPS receiver can be anticipated in this manner, and since tiie time until the 
position is recognized Is shortened, a waiting time of the user decreases, and the stress of the user can be reduced. 
[0106] Further, since the capacity of a battery necessary to drh^e the GPS receiver can be reduced due to the 
power saving, the GPS reception apparatus can be applied a very small positioning and precision time measuring 
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Instrument such as, for example, a wrist watch type measuring Instrument shown In FIG. 9. 
[Second Form of Time Synchronization] 

[0107] In the secondform of time synchronization, time Information longer than 1 millisecond fortlnne synchroniza- 
tion Is detemilned from time information of the boundary of a bit of spread spectrum demodulated data. In the present 
second form, the accuracy of time information which can be utilized by the GPS reception apparatus must be 

E = At1 + At2 < 1 0 milliseconds 

[0108] FIG. 1 0 Illustrates time synchronization of the demodulation and arithmetic operation section 1 4 of FIG. 1 1n 
the second form. Similarly as In the first form, all or some of blocks of the demodulation and arithmetic operation section 
1 4 shown can be formed from a microcomputer. It is to be noted that the Dke.parts or elements are denoted by like refer- 
rence symbols as in the first form, so that the explanations are omitted. 

[0109] in the present second fomrt, the demodulation and arithmetic operation section 14 Is a modification to but Is 
different from the demodulation and arithmetic operation section 14 described hereinabove with reference to FIG. 6 in 
that it Includes a bit boundary detection section 1 46 and a time synchronism detection section 1 47 in place of the time 
synchronism detection section 1 44. To the bit boundary detection section 1 46, spread spectrum demodulated data from 
the despreading section 141 and Information Ps represeritative of the boundary of a period of the PN code from the C/A 
code synchronism detection section 143 are supplied. 

[0110] The bit boundary detection section 1 46 makes use of the fact that a bit corresponds to 20 periods of the PN 
code and the phase of the C/A code when the bit is "0" Is Inverse to the phase of the C/A code when the bit is -1" as 
seen in FIG, 13 to detect the boundary of a bit and supplies a signal Bs representative of the timing of the detected 
boundary of the bit to the time synchronism detection section 1 47. 

[0111] To the time synchronism detection section 147, a signal representative of the timing at which synchronism 
of the C/A is established is supplied from the C/A code synchronism detection section 143 similarly as in the first pre- 
fen-ed embodiment. 

[0112] The time synchronism detection section 147 detennlnes time information shorter than 1 millisecond for time 
synchronization from the signal U representative of the timing at which synchronism of the C/A code is established. The 
time synchronism detection section 147 determines time information longer than 1 millisecond for time synchronization 
based on the signal Bs representative of the boundary of a bit after completion of the synchranlzation of the C/A code 
and establishes time syndironizatlon for positioning arithmetjc operation. 

[0113] FIG. 1 1 1llustrates a flow of processing performed by the time synchronism detection section 1 47. 
[0114] Refemlng to FIG. 11 , the time synchronism detection section 147 first discriminates whether or not synchro- 
nization of the C/A code is completed by discriminating whether or not the signal Lt described above is obtained (step 
S201). Then, when the time synchronism detection section 147 discriminates that synchronization of tiie C/A code is 
completed, It detemnines a time component shorter than 1 millisecond for time synchronization (step 8202). 
[0115] Then, ttie time synchronism detection section 147 waits that the boundary of a bit is detected (step 8203). 
Then, after tiie time synchronism detection section 147 confirms from the signal Bs representative of the boundary of 
a bit that tiie boundary of a bit comes, then it detects tiie time ts then from the high precision time information Tst 
obtained by the standard wave receiver section 20 (step S204). 

[0116] Then, as described hereinabove, the time synchronism detection section 1 47 subtracts the radio wave prop- 
agation time, which Is a rough arrival time of a radio wave from the satellite, from the time ts then, and adds or subtracts 
a time error smaller than Atl -i- At2 to or from tiie time of a result of the subtraction to produce a time which Is a multiple 
of 20 milliseconds. Then, the time synchronism detection section 147 establishes time synchronism from the time infor- 
mation and sends a result of the same to tiie positioning aritiimetlc operation section 145 (step 8205). The time syn- 
chronization processing by the time synchronism detection section 147 comes to an end ttierewttti. 
[0117] The positioning arithmetic operation section 145 calculates the distance between tiie satellite and the GPS 
reception apparatus based on the Infonnation of the time synchronization described above. Then, when the distance of 
the GPS reception apparatus from a number of satellites necessary for positioning arithmetic operation, that is, usually 
for three satellites where two-dimensional position is to be performed, but for four satellites where three-dimensional 
positioning is to be perfonned, positioning aritiimetic operation is performed and a result of the same is outputted. 
[0118] When the synchronization of the C/A Is completed In this manner and then the boundary of a bit Is detected, 
in the present for, time synchronism Is established as pre-processing to positioning aritiimetic operation, and then posi- 
tioning arithmetic operation can be performed. Consequently, when compared with the conventional method which 
uses the preamble or the TOW and by which the position Is obtained only In a unit of 6 seconds, the time until the posi- 
tion is detemilned can be shortened, which contributes to power saving, similarly to the first form described herein- 
above. 
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[0119] Further, In the present second fonm, In addition to the effects achieved by the first form described herein- 
above, the accuraoy in time required by the GPS reception apparatus may be lower than that of the first preferred 
embodiment. Consequently, the application to such apparatus as a wriet watch type Instrument of FIG. 9 described 
hereinabove Is further facllltBted. 

5 [0120] It is to be noted that, In the two forms described above, while synchronism is kept stably, the positioning 
arithmetic operation section 145 performs detection of the preamble or the TOW of a navigation message to acquire 
time infomiation longer than 1 millisecond for time synchronization. Further, the positioning arithmetic operation section 
145 performs time synchronization using the time information to perform positioning arithmetic operation. 
[0121] Atternatively, however, time Information longer than 1 millisecond for time synchronization may naturally be 

10 acquired normally based on the time of the boundary of one period of the PN code or the boundary of a bit described 
hereinabove without using the preamble or the TOW. 

[Another Preferred Embodiment] 

15 [0122] FIG. 1 2 shows a construction of another GPS reception apparatus according to the present invention. The 
GPS reception apparatus of the present embodiment is a modification to and includes common components to those 
of the GPS reception apparatus of the first prefen^d embodiment of FIG, 1. The GPS reception apparatus of the 
present embodiment, however, is different from the GPS reception apparatus of FIG., 1 principally in that, even when 
powerto the GPS receiver section 10 is switched off, a power supply voltage is normally supplied to tlie reference fre- 

Bo quency oscillator 1 3 of the GPS receiver section 1 0. Further, Information of the frequency displacement Af of the refer- 
ence frequency oscillator 13 measured by the frequency measurement section 30 Is supplied to the frequency 
information and time information extraction section 23 of the standard wave receiver section 20. 
[0123] The frequency information and time infonnation extraction section 23 in the GPS reception apparatus of FIG. 
12 supplies not only the time infomnation Tst but also the information of the frequency displacement Af acquired from 

25 the frequency measurement section 30 to the demodulation and arithmetic operation section 14 of the GPS receiver 
section 10. 

[0124] Accordingly, even if power is not connected to the GPS receiver section 1 0 which exhibits high power con- 
sumption, measurement regarding the frequency displacement Af of the reference frequency oscillator 13 is performed, 
and a result of the measurement is delivered from the standard wave receiver section 20 to the GPS receiver section 
30 10. Consequently, the time until positioning arithmetic operation is started after power is made available to the GPS 
receiver section 10 can be shortened. 

[Other Preferred Embodiments] 

35 [0125] While, in the preferred embodiments described above, infonnation of the frequency displacement Af from 
the frequency measurement section 30 is used to control the canier generator 61 of the costas loop 60, alternatively 
the clock generator 52 of the feedbacl^ loop 50 for despreading demodulation may be controlled using the information 
of the frequency displacement Af from the frequency measurement section 30. 

[0126] Further, where the reference frequency oscillator 13 itself has a construction of an oscillator whose fre- 
40 quency is controllable, the oscillation frequency of the reference frequency oscillator 13 itself may be controlled using - 
the information of the frequency displacement Af from the frequency measurement section 30. 
[0127] Further, while the frequency measurement section 30 measures the frequency displacement Af, It is other- 
wise possible to use, without detecting the frequency displacement Af, the high precision high precision frequency infor- 
mation Fst from the standard wave receiver section 20 to measure the oscillation frequency of the reference frequency 
45 oscillator 1 3 and control the can-ier generator 61 , the code generator 51 or the reference frequency oscillator 1 3 itself 
in response to a result of the measurement 

[0128] While preferred embodiments of the present Invention have been described using specific terms, sucb 
description is for illustrative purposes only, and it is to be understood that changes and variations may be made without 

departing from the spirit or scope of the following claims. \ 

so 

Claims 

1 . A GPS positioning method, comprising the steps of: 

55 acquiring high precision frequency Information provided by a standard wave; 

measuring an oscillation frequency of a reference frequency oscillator used in a GPS receiver section or a fre- 
quency variation of the oscillation frequency using the received high precision frequency Infonnation; and 
utilizing a result of the measurement to catch a signal from a GPS satellite, 
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2. A GPS positioning method according to olalm 1 , further comprising tiie steps of: 
acquiring tiigii precision time information provided by the standard wave; and 

performing positioning arithmetic operation using the high precision time information in place of time informal 
5 tionsentfrom said GPS satellite. 

3» A GPS positioning method according to claim 2, further comprising: 

a first step of detecting a synchronization timing regarding a spread code of a spread spectrum signal from said 
10 GPS satellite to detect a time component shorter than one period of the spread code for time synchronization; 

and 

a second step of detecting, after the synchronization of the spread code Is conapleted In the first step, a time at 
a boundary of one period of the spread pode from the high precision time Information provided by the standard 
wave and detecting a time component longer than one period of the spread code for the time synchronization 
15 based on the time of the boundary. 

4p a GPS positioning method according to claim 2, further comprising; 

a first step of detecting a synchronization timing regarding a spread code of a spread spectrum signal from said 
20 GPS satellite to detect a time component shorter than one period of the spread code for time synchronization; 

and 

a second step of detecting, after the synchronization of the spread code is completed in the first step, a bound- 
ary of a bit of information from said satellite, detecting the time of the boundary of the bit with the high precision - 
time infomnation provided by the standard wave and detecting a time component longer than one period of the 
£5 spread code for the time synchronization. 

5, A GPS positioning method according to claim 1, wherein, even when power to said GPS receiver section is off, 
power is kept supplied to said frequency oscillator of said GPS receiver section so that the frequency of said fre- 
quency oscillator or a frequency variation of the frequency is measured using the high precision frequency infomia- 

3Q tion provided by the received standard wave, 

6, A GPS posnioning method according to claim 1 , wherein the measured oscillation frequency of said reference fre- 
quency oscillator or the measured frequency variation of the oscillation frequency is reflected on an output signal 
of a earner generator of a costas loop for catching a signal from said GPS satellite, 

35 

7, A G PS positioning method according to claim 2, wherein the measured oscillation frequency of said reference fre- 
quency oscillator or the measured frequency variation of the oscillation frequency is reflected on an output signal 
of a caMer generator of a costas loop for catching a signal from said GPS satellite. 

40 B, A GPS reception apparatus, comprising: 

a GPS receiver section for receiving a radio wave from a GPS satellite to perfonm positioning arithmetic oper- 
ation; 

a standard wave receiver.section for receiving a standard wave to acquire high precision frequency informa- 
45 tion; and 

a frequency measurement section for measuring an oscillation frequency of a reference frequency oscillator 
used In said GPS receiver section or a frequency variation of the oscillation frequency using the high precision 
frequency Inforniatlon acquired by said standard wave receiver section; 

said GPS receiver section utilizing a result of the measurement by said frequency measurement section to- 

BO catch a signal from said GPS satellite. 

9. A GPS reception appamtus according to claim B, wherein said standard wave receiver section acquires high pre- 
cision time Information and supplies the high precision time Infomnation to said GPS receiver section, and said GPS 
receiver section performs positioning arithmetic operation using the high precision time Infonnatlon In place of time 

5S Information sent thereto from said GPS satellite, 

10. A GPS reception apparatus according to claim 9, wherein said GPS receiver section Includes: 
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reception means for receiving a radio wave from said GPS sptelilte; 
storage means for storing at least trajectory Information of said GPS satellite; 

synchronism detection means for detecting synchronism of a spread cede of a spread spectrum signal wave 
from said GPS satellite received by said reception means; and 

5 time synchronism detection means for determining a synchronism time point detected by said synchronism 

detection means as a time component shorter than one period of the spread code for time synchronization, 
acquiring a time at a boundary of one period of the spread code using the high preolsion time Infomiation from 
said standard wave reception section, determining a time component longer than one period of the spread ■ 
code for the time synchronization based on the acquired time of the boundary and establishing the time syn- 

To chronism. 

11 . A GPS reception apparatus according to claim 9, wherein said GPS receiver section Includes: 

reception means for receiving a radio wave from said GPS satellite; 
16 storHge means for storing at least trajectory information of said GPS satellite; 

synchronism detection means for detecting synchronism of a spread code of a spread spectrum signal wave 
from said GPS satellite received by said reception means; 

bit boundary detection means for detecting a boundary of a bit of Information from said satellite; and 
time synchronism detection means for determining the synchronism time point detected by said synchronism 
20 detection means as a time component shorter than one period of the spread code for time synchronization, 

acquiring a time of the boundary of a bit detected by said bit boundary detection means using the high pred- 
sion time Information from said standard wave reception section, detennlning a time component longer than 
one period of the spread code for the time synchronization based on the acquired time at the boundary and- 
estabilshing the time synchronism. 

^ . 12, A GPS reception apparatus according to claim 8, wherein, even when power is off to said GPS receiver section, 
power is supplied to said frequency oscillator and said frequency measurement section measures the oscillation 
frequency of said frequency oscillator or the frequency variation of the oscillation frequency using the high precision 
frequency Infomiation acquired by said standard wave reception section. 

3D 

13, A GPS reception apparatus according to claim B, wherein the oscillation frequency of said reference frequency 
' oscillator orthe frequency variation of the oscillation frequency measured by said frequency measurement section 
Is reflected on an output signal of a carrier generator of a costas loop for catching a signal from said GPS satellite, 

35 14. A GPS reception apparatus according to claim 9, wherein the oscillation frequency of said reference frequency 
' oscillator orthe frequency variation of the oscillation frequency measured by said frequency measurement section 
is reflected on an output signal of a carrier generator of a costas loop for catching a signal from said GPS satellite, 
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F I G.2 



CALL SIGN 


JJY (STANDARD FREQUBiCY STATION) 


TRNSMITTING STATION 


DTAKAOOYA MOUNTAIN STANDARD WAVE 
TRANSMITTING STATION OIIYAKOJI 
VILiAGE. TAMURA-GiH FUKUSHIHA-KBI) 


KTT NA2AKI RADIO TRANSMITTING STATION 
(MIWA-CHO,SARtlSHIMA-GUM. IBARAGI-KEN) 


UTITIDE 
LONGITUDE 


37* 22' N 
140* 51' E 


. 3B* ir N 

139' 51' E 


AKTBWATYPE 


IJ^RELU-SHAPE 250 m HIGH 


;i/2 HORIZONTAL DIPDLE(5,fiMHz) 
A/2 HORIZONTAL OIPOLE(IOIIHz) * 


ANFBMA PQUO 


50kW 

(EFFECTIVE RADIATION POWER 10 \CD 


2kW 


TYPE OF BIISSIQU 


A1B 


AXW 


OPERATION TIME 


AUHfAYS 


A! WAYS 

(EXCffT 35 TD 39 MINUTB EVB?Y HOUR) 


5TAN0AIQ} 


CARRIER 


40kHz 


5MHz,8MHzJ0l«z 


MODULATION 
WAVE 


1Hz (SECOND SIGNAU 


1Hz (SECOND SIGNAUJkHz 


AMPLITUDE OF 

MOOUIATION 

HAVE 


MAXIMUM 100X .MINIMUM M 
(EXCe>T DLRtING TRANSMISSION OF 
CALL SIGN) 




STANDARD TtliE 


JST:C0NV£NT|0NAL UNIVERSAL Tll£ AS LEAD BY 9 HOURS 


TRANSMISSION TIkE 
OF SECOND SIGNAL 


ALWAYS 


AUAYS 


MODliUTtON TIME ACCOR- 
DING ID LOW FRSQiea 
STANDARD 


NO 


0-5 MINUTES. 10-15 MINUTES, 
20-25 MINUTES, 30-35 MINUTES 
40-45 MINUTES, 50-55 MINUTES . 


ACCURACY OF FREOJBICr 
AND TIME IMTER\fAL 


±1X10'^^ 


±1X10"" 


FROM OF. SECOND SIGNAL 


MARKS OF 0.Z, 0.5, O.B SECCWDS 


B CYCLES OF 1,600 Hz 


DUTI SIGNAL 


NO 


BY SPECIAL SECOND SIGNAL OF 1,600 Hz 
45 MILLISECOND WIDTH 


RBWRKS" 


OPENED ON JUNE 10, 1999(HEISEI 11) 


REVISED ON APRIL 1, 1995(HEISEI B) 
PLANNED TO ABANDON ON MARCH 31,2001 
(HEISEI 13) 
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F I G.5 



MOVED TILL 
TIME t ^ 



POSITION OF 
SATELLITE WHEN 
RADIO WAVE RECEIVED 
AT TIME t BY RECEIVER 
IS TRANSMITTED 
(sxi sy, sz) 



POSITION OF 
SATELLITE 
AT TIME t 
(stx, sty, stz) 




ACCURATE POSITION 
OF RECEIVER AT 
ROUGH POSITION TIME t 
OF RECEIVER AT (ux, uy. uz) 
TIME t 

(ux I, uy I, uz I) 



F I G.6 



± 



141 



DESPREADING 
SECTION 



142 



DATA 

DECODING 

SECTION 



143 



C/A CODE 
SYNCHRONISM 
DETECTIN 
SECTION 



144 



Lt 



TIME 

SYNCHRONISM 

DETECTION 

SECTION 

1 



POSITIONING 
ARITHMETIC 
OPERATION 
SECTION 
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FROM STANDARD 
WAVE RECEIVER 
SECTION 20 



1S 



EP 1 092 9B7 A2 



F I G.7 



TIME SYNCHRO- 
NIZATION 



'S101 
C/A CODE"^<^ NO 
SYNCHRONIZATION^ 
JDOMPLETED 



DETERMINE TIME COMPONENT 
SHORTER THAN 1 MILLISECOND 



3103 






DETECT TIM 


E ts THEN 


8105 


SET (TIME SYNCHRONIZED WITH 
(TIME ts)-(RADIOWAVE PROPA 
AND ROUND VALUE OF FIGURE 
TIME SYNCHRONIZATION IS PERf 
VALUE AS TIME COMPONENT L 


SATELLITE RADIO WAVE)= 
GATION TIME FROM SATELLITE), 
OF 100 MICROSECOND. 
=ORMED USING RESULTING 
ONGERTHEN 1 MILLISECOND 


. \' 



( END ) 
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CONVENTIONAL 
RECEIVER 




INVENTIVE 
RECEIVER 




tk-1 



tk 



TIME 
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TIME SYNCHRO- 
NIZATION 



S20i 

SYNCHRONIZATION^ ' 
JDOMPLETED, 
7 



,YES 



S202 



DETERMINE TIME COMPONENT 
SHORTER THAN 1 MILLISECOND 



ONE Kin 
PERIOD OF PN CODF^ 
COMPLETED?. 



YES 



rS204 

BOUNDARY^-^"--^ NO 
OF BIT DETECTED 

9 



,YES 



S205 



DETECT TIME ts THEN 



S206 



SET (TIME SYNCHRONIZED WITH SATELLITE)= ^ ^ 
(TIME U)-(RADIO WAVE PROPAGATION TIME FROM 
SATELLITE), AND PRODUCE TIME SYNCHRONIZED 
WITH BOUNDARY OF BIT 



( END ) 
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